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Abstract Toxoplasma gondii is a protozoan with world-

wide distribution and in spite of increasing information

about its biology, treatment of toxoplasmosis is restricted

to a few drugs and unfortunately using of each of drugs is

associated with significant side effects in patients. This

study was designed to evaluate the efficacy of cromolyn

sodium and ketotifen as alternative drugs for the treatment

of toxoplasmosis. In vitro; in case group, concentrations of

1, 5, 10 and 15 lg/ml of ketotifen and cromolyn sodium

were added to RPMI medium containing peritoneal mac-

rophages. After 1 h incubation and adding tachyzoites to

medium, efficacy rate of these drugs in entrance inhibition

of Toxoplasma tachyzoites into macrophages were evalu-

ated after 30 and 60 min. In vivo; case groups received

ketotifen and cromolyn sodium with different concentra-

tions at various times. Control groups received none of

drugs. We found that in vitro; after 60 min the best efficacy

of these drugs in inhibition of cell entrance of Toxoplasma

was observed at 15 lg/ml (78.9 ± 1.70 and 91.97 ±

0.37 %, respectively) (P\ 0.05). In vivo; after 60 min

ketotifen at 2 mg/kg in 3 h before tachyzoite injection

(69.83 ± 2.25 %), and cromolyn sodium, at 10 mg/kg in

6 h before tachyzoite injection (80.47 ± 2/49 %) had the

best effect on inhibition of Toxoplasma entry into the cells

(P\ 0.05). Our findings show that ketotifen and cromolyn

sodium are suitable drugs for entrance inhibition of tach-

yzoites into nucleated cells in vitro and in vivo.
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Introduction

Toxoplasmosis is a zoonotic disease caused by an obligate

intracellular protozoan, Toxoplasma gondii (T. gondii).

Human beings become infected with T. gondii mainly by

ingesting contaminated undercooked meat, food or water

(Ho-Yen and Joss 1992; Dubey 2008).

Toxoplasmosis is considered as an opportunistic infec-

tion with a worldwide distribution and is mainly subclinical

in immunocompetent people. Nevertheless, in congenitally

infected children and immunocompromised persons such

as human immunodeficiency virus-infected individuals,

organ transplant recipients and cancer patients, infection

causes high rates of morbidity and mortality (Ambroise-

Thomas and Pelloux 1993).

Treatment of toxoplasmosis in at risk individuals such as

infants and immunocompromised patients because of the

severity of drugs side effects and infection recurrent is

difficult (Serranti et al. 2011). Clinical toxoplasmosis has

been treated by blocking folate metabolism with a com-

bination of antifolates (such as pyrimethamine) and sul-

fonamides. This strategy is highly effective in healthy
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individuals. In spite of increasing information about Tox-

oplasma biology, treatment of toxoplasmosis is restricted

to a few drugs and unfortunately using of each of drugs is

associated with significant side effects in patients (Araujo

and Remington 1992; Petersen 2007; Iaccheri et al. 2008).

Frequent development of allergic reactions to sulfonamides

often precludes continuous administration of these drugs,

and pyrimethamine alone is insufficient to prevent relapse

(Araujo and Remington 1992; Van der Ven et al. 1996).

Therefore, it seems that investigation on alternative drugs

is necessary.

Research on drugs to inhibit T. gondii may reasonably

include agents that affect the parasites complex cyto-

skeleton (Nichols and Chiappino 1987). This parasite is

highly motile and actively invades host cells. Replication

occurs by endodyogeny, a process needs the assembly of

daughter parasites within a cytoskeletal framework inside

the mother cell. The cytoskeleton probably plays an

important role in motility, invasion, and endodyogeny

(Morisaki et al. 1995). Disruption of any of these

essential functions might be expected to kill or inhibit

the parasite.

Penetration enhancing factor (PEF) after discharge from

the Toxoplasma tachyzoite rhoptry, attached to surface of

nucleated cells receptors, called actin, laminin and colla-

gen. T. gondii enters host cells via endocytosis after

binding to cell surface molecules. In most cells, microfil-

ament structure is formed by actin polymers and myosin,

and plays an important role in bringing micro pseudopods

(Kasper and Mineo 1994; Weiss and Kim 2004). It is

known that the cell membrane stabilizing drugs, change the

resistance of the cell membrane with interference to

microfilament functional and blocking the actin gel (Ry-

ning and Remington 1978; D’Angelo et al. 2009). The goal

of our study was to survey whether the drugs stabilizing

cell membrane such as cromolyn sodium and ketotifen, are

able to inhibit T. gondii pentrance into nucleated cells

in vitro and in vivo.

Materials and methods

Toxoplasma tachyzoites

In vitro and in vivo studies were performed with the vir-

ulent RH strain of Toxoplasma which maintained in mice

(6–8 weeks of age) by subsequent passage every 3–4 days.

For each experiment, tachyzoites were harvested from the

peritoneal cavities of infected mice using phosphate-buf-

fered saline (PBS) supplemented with penicillin (100 U/

ml), and streptomycin (100 lg/ml) (Dadimoghaddam et al.

2014).

Macrophage monolayer

For the preparation of peritoneal macrophages the sterile

PBS (pH 7.2), injected into the peritoneal cavity of mice

and then aspirated. Subsequently harvested macrophages

(1 9 105/ml) were seeded in 24-well plates containing a

glass cover slip. After plating and incubation at 37 �C for

1 h, non-adherent cells and the supernatants were removed.

Then, for in vitro and in vivo assays, macrophages were

incubated at 37 �C in a 5 % CO2 atmosphere for up to

24 h, in RPMI-1640 culture medium (Cortez et al. 2008).

In vitro studies

Ketotifen and cromolyn sodium were dissolved in PBS and

used at the concentrations of 1, 5, 10 and 15 lg/ml. In case

groups, before infection, monolayer macrophages in RPMI

medium were incubated (1 h, at 37 �C) with various drug

concentrations. After that, the wells of the plate were

seeded with 4 9 105 tachyzoites and incubated for 30 and

60 min at 37 �C. Control group received only PBS and

RPMI.

Thereafter, for evaluation of efficacy rate of different

concentrations of drugs in entrance inhibition of Toxo-

plasma tachyzoites into macrophages in 30 and 60, the

number of tachyzoites entrance into the macrophage cells

was counted under a light microscope with Giemsa stain-

ing. Inhibition rate of tachyzoites entry into nucleated cells

was obtained according to the following formula:

Inhibition rate:

1� ½ðNo. of Toxoplasma into treated host cells=

No. of Toxoplasma into untreated host cellsÞ� � 100

For each concentration of the drug, counting of tach-

yzoites was done in triplicate in random adjacent micro-

scopic fields. The data were recorded and compared with

the control group. The Mann–Whitney U test was used for

statistical analysis.

In vivo studies

Inhibition activity of ketotifen and cromolyn sodium

against tachyzoites entry was evaluated by intraperitoneal

(i.p.) inoculation to Balb/c mice. Eight treatment groups

were used for drugs: four groups of mice (n = 4) pretreated

with ketotifen 1 and 2 mg/kg, i.p. at 30 and 60 min prior to

exposure of tachyzoite, and four groups pretreated with

cromolyn sodium 5 and 10 mg/kg, i.p. at 30 and 60 min

prior to exposure of tachyzoite. The control group (n = 4)

received only the tachyzoites in PBS.

Afterward, 4 9 105 tachyzoites were injected i.p. to

mice, and after 60 min mice peritoneal exudates containing
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tachyzoites and nucleated cells were aspirated. Then entry

inhibition evaluated under a light microscope with Giemsa

staining. The project underwent ethical review and was

given approval by the Ethics Committee of Mazandaran

University of Medical Sciences.

Results

In vitro

According to the in vitro experiments, different concen-

trations of ketotifen and cromolyn sodium at 30 and

60 min, showed a dose dependent inhibition of Toxo-

plasma entry into the cells (Fig. 1). So that after 30 min of

ketotifen application, the highest entrance inhibition of

Toxoplasma tachyzoites were seen at 10 and 15 lg/ml

concentrations with an average 68.81 ± 1.08 and

69.92 ± 0.7 %, respectively. Due to the proximity effect of

these doses, and no statistically significant difference

(P[ 0.05), lower drug concentration (10 lg/ml) is appro-

priate. After 60 min, the greatest amount of inhibition was

observed at 15 lg/ml concentration (78.9 ± 1.70 %)

(P\ 0.05) (Fig. 1a).

The consequences of the evaluation of cromolyn

sodium, similar results were obtained. According to

Fig. 1b, the mean inhibition of cromolyn sodium, increased

with increasing concentration at both 30 and 60 min. So

that at 30 min, the highest entry inhibition of Toxoplasma

tachyzoites with an average 78.81 ± 2.06 and

79.91 ± 1.37 % was observed at 10 and 15 lg/ml con-

centrations of cromolyn sodium, respectively; with no

statistically significant difference (P[ 0.05); hence like

ketotifen, lower drug concentration (10 lg/ml) is

appropriate.

After 60 min, the highest amount of inhibition was seen

at 15 lg/ml (91.97 ± 0.37 %) (P\ 0.05).

In vivo

In this study, inhibitions of Toxoplasma tachyzoite entry into

nucleated cells using ketotifen and cromolyn sodium were

also examined in vivo. The effect of ketotifen on tachyzoite

entry, at concentrations of 1 and 2 mg/kg at 6 and 3 h before

tachyzoites injection and evaluation after 60 min showed

with increasing concentration of ketotifen, the number of

intracellular tachyzoites decreased (P\ 0.05) (Fig. 2a).

According to Fig. 2b, the results of the in vivo study at 5

and 10 mg/kg concentrations of cromolyn sodium at 6 and

3 h before tachyzoites injection and their assessment after

60 min showed that the inhibitory effect was dose depen-

dent and the best effect of inhibition of Toxoplasma tach-

yzoites entry into the cells was seen at concentration of

10 mg/kg of cromolyn sodium at 6 h before tachyzoite

injection (80.47 ± 2.49) (P\ 0.05).

Discussion

This survey was carried out to determine the effect rate of

ketotifen and cromolyn sodium on entry inhibition of T.

gondii into nucleated cells, in vitro and in vivo. It is taken

to relieve a blocked or runny nose caused by allergic rhi-

nitis. These drugs stabilize cell membrane and inhibit

parasite entry into the host cells. In this study, ketotifen and

cromolyn sodium in vitro (10 lg/ml) and in vivo (2 and

10 lg/ml, respectively) by stabilizing of cell membrane,

showed the highest entrance inhibition of T. gondii into

cells. When T. gondii enters both phagocytes and cells not

generally considered phagocytic, micropseudopods are

frequently seen partially enveloping this organism as it

gains an intracellular position (Kasper and Mineo 1994;

Morisaki et al. 1995). The importance of contractile pro-

teins in the formation of these pseudopods and the inter-

action of their subunits results in actin filament gelation,

Fig. 1 Inhibition rate of different concentrations of ketotifen (a) and cromolyn sodium (b) in Toxoplasma gondii entrance into host cells after 30

and 60 min, in vitro
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which can be prevented by cromolyn sodium and ketotifen,

support the hypothesis that microfilaments are the most

likely subcellular site of cromolyn sodium and ketotifen

action in the prevention of T. gondii entry. Cromolyn

sodium and ketotifen might render the cell membrane

resistant to the parasites efforts to gain an intracellular

position. The cytoskeleton is suspected to play an impor-

tant role in motility, invasion and endodyogeny (Morisaki

et al. 1995). Thus, disruption in the mentioned functions

may be effective in inhibition of parasite. Ryning and

Remington (1978) have shown that cytochalasin D inhibits

the entry of T. gondii into peritoneal macrophages and

bladder tumor cells followed a dose related but did not

prevent attachment. Microfilaments are likely candidates

for this common site of action in preventing entry of T.

gondii into cells. These sub cellular structures are con-

tractile proteins composed of actin and myosin polymers,

which are present in most mammalian cells (Clarke and

Spudich 1977). The subunits of these proteins, namely,

actin and actomyosin, appear to be the major binding sites

for cytochalasin D (Ryning and Remington 1978).

Nam et al. (1993) showed that fetal bovine serum (FBS)

factor inhibits the penetration of T. gondii into host cells.

The FBS factors might participate to neutralize materials

secreted or intervene between receptor-ligand binding

through sterically rather than functionally. Stokkermans

et al. (1996) have described that dinitroaniline herbicides

inhibit T. gondii replication. Dinitroaniline has long been

known to interfere with tubulin polymerization in plants

(Morejohn et al. 1987). Trifluralin also binds to Leishmania

tubulin and inhibits polymerization of subpellicular

microtubules (Chan et al. 1991). In Plasmodium, Triflura-

lins bind to fragments of the subpellicular microtubules of

gametocytes also inhibit erythrocytic stages and exflagel-

lation of gametocytes (Nath et al. 1994; Kaidoh et al.

1995). They presume that T. gondii microtubules also

interact with dinitroaniline.

Previously Parshikov et al. (2005) has been reported the

antiplasmodial activities of artemisinin. D’Angelo et al.

(2009) demonstrate that C-10 unsaturated, carba-linked

(oxo-linked) derivatives of artemisinins can be effective in

the inhibition of infection by T. gondii. This inhibition

occurs at more than one step in the parasites lytic cycle.

They have also documented that treatment of extracellular

tachyzoites with these new derivatives resulted in an

inhibition of parasite invasion.

Conclusion

To establish whether either one or both mechanisms are

operative render, it requires to develop methods to differ-

entiate between the effect of cromolyn sodium and ketot-

ifen on the host cell membrane and the effect of cromolyn

sodium and ketotifen on T. gondii itself. In this study, the

inhibitory effects of ketotifen and cromolyn sodium on

entrance of T. gondii tachyzoites into macrophages and

other nucleated cells show that these drugs can be intro-

duced as effective agents to inhibit the entry and invasion

of T. gondii tachyzoites, into the cells.
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